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Method and control system for controlling electric motors 

BACKGROUND OF THE INVENTION 

The invention relates to a method and control system for controlling electric 
motors, especially motors carrying relatively strong current. Such motors are widely 
used for the operation of ship thrusters where it is also particularly important to assure 
reliable operation. 

Normally, direct-current motors are used, and the current to both the motor rotor 
or armature and the field coils or field magnets is connected via an operating relay. The 
operation and the direction of rotation of the motor is controlled by means of a joystick 
or the like that is connected to a power source such as a battery and via the operating 
relay provides the desired power supply to the motor. 

One problem that may arise is that the operating relay or the main relay of the 
motor becomes locked in the on position, usually as a consequence of low voltage and 
subsequent relay failure and/or strong current, but also for other reasons. The motor 
will then rotate uncontrollably until the main power switch of the operating system is 
switched off. This will easily take some second or minutes for an unskilled or 
inexperienced user or skipper. If the motor operates a thruster which pushes the boat to 
port or to starboard in narrow stretches or water, the consequence may be personal 
injury and material damage. 

The object of the invention is to provide a method for controlling electric motors 
and a control system for electric motors which intend to eliminate the problems of the 
aforementioned type. 

BRIEF SUMMARY OF THE INVENTION 
According to the invention there is provided a method for controlling an electric 
motor comprising an operating relay having relay windings with respective first and 
second relay contacts and a control means, which motor via current conductors is 
connected to the relay and a power source wherein an operator by using the control 
means controls the application of current to the motor armature or rotor and field coil(s) 
or field magnet(s), and the invention is characterised in that monitoring devices are 
provided which sense indicating parameters that are compared with respective 
corresponding reference values in a safety function unit in order to determine whether 
the contacts of the operating relay are mistakenly in the on position, and if one of the 
contacts is the on position, ensures the switching on of at least the other one of the relay 
contacts so that the current application to the motor is interrupted and the motor stops. 



In one embodiment of the invention, a voltage is sensed which is indicative of 
the voltage at the relay winding, which voltage is compared with a reference voltage 
and if the voltage is found to be too low in relation to a threshold value at which the 
relays do not fail, but are close to doing so, the power supply to the relevant relay 
winding is cut off, and a delay device is activated which, prior to reapplication of 
approved voltage to the relevant relay winding after an interruption because of 
excessively low voltage, will be effected at a lower frequency than without the delay 
device. 

According to the invention there is also provided a method for controlling an 
electric motor comprising an operating relay having relay windings with respective first 
and second relay contacts, a control means, which motor via current conductors is 
connected to the relay and a power source , wherein an operator by using the control 
means controls the application of current to the motor armature or rotor and field coil(s) 
or field magnet(s), which method is characterised in that a voltage is sensed which is 
indicative of the voltage at the relay winding, which voltage is compared with a 
reference voltage and if the voltage is found to be too low in relation to a threshold 
value at which the relay does not fail, but is close to doing so, the power supply to the 
relevant relay winding is cut off, and a delay device is activated which, prior to 
reapplication of approved voltage to the relevant relay winding after an interruption 
because of excessively low voltage, will be effected at a lower frequency than without 
the delay device. 

According to the invention there is also provided a control system for an electric 
motor, comprising an operating relay having relay windings with respective relay 
contacts, a control means, which motor via current conductors is connected to the relay 
and a power source, wherein an operator by using the control unit controls the 
application of current to the motor armature or rotor and field coil(s) or field magnet(s) 
in such manner that the operation of the motor is controlled, characterised in that the 
system further comprises a safety function unit and there are provided sensors/sensing 
means arranged at suitable measuring points in the system or motor circuit connected to 
the unit and arranged so that when there is no control signal to the relays, the contacts of 
both relays are energised and the motor stops. 

In one aspect of the invention the control system according to claim 4 is 
characterised in that the safety function unit is provided with terminals which via wires 
are connected to the control unit, wires are connected to one side of the respective relay 
windings, so that the voltage at the windings can be sensed and given as a signal to the 
connected terminals on the unit, whose opposite sides are connected via wire to the 
power source, and terminals are connected to the in the open position of the relay non- 



energised relay contacts, or other suitable measuring points in the system or motor 
circuit, for example, at the transition between the armature and the field coil(s) so that it 
can be sensed whether the relay contacts are in an on position (energised), wherein the 
sensed value can be compared with a reference value, and the sensed position is given 
as a signal to the terminals, and the signals from the respective relay contacts and the 
relay windings are compared in the unit, and a device is provided in the unit which in 
the event of a discrepancy between the respective compared signals immediately applies 
an operating signal to the opposite side of the relevant relay winding, so that the electric 
circuit is broken and the motor stops. 

In another aspect of the invention, the control system is characterised in that the 
unit further comprises a terminal which via a wire is connected to a wire connected to a 
junction between two relay windings or the input voltage to the motor or control system, 
so that the voltage at this point can be sensed and given as a signal to the terminal, and 
in the unit there is provided a device which determines whether the sensed voltage is too 
low in relation to a predetermined threshold value at which the relays do not fail, but are 
close to doing so, and a suitable delay device that is activated prior to each application 
of voltage to the opposite side of the relevant relay winding so that in the event of relay 
failure, the application of voltage will be effected at a lower frequency than without the 
delay device. 

In a further aspect of the invention, is the control system characterised in that the 
safety function unit is equipped with terminals which via wires are connected to the 
control unit, and a terminal which via a wire is connected to a conductor or wire 
connected in a junction between two opposite relay windings or another suitable 
measuring point in the system or motor circuit, so that the voltage at this point can be 
sensed and given as a signal to the terminal, and in the unit there is provided a device 
which determines whether the sensed voltage is too low in relation to a predetermined 
threshold value, and a suitable delay device which is activated prior to each application 
of voltage to the opposite side of the relevant relay winding so that in the event of relay 
failure, the application of voltage will be effected at a lower frequency than without the 
delay device. 

In still another aspect of the invention is the control system characterised in that 
the control unit comprises one or more of joystick, touch panel, buttons, radio signal 
receiver, automatic control with suitable intelligence and/or switches. 

In a still further aspect of the invention is the control system characterised in that 
the sensors or sensing devices comprise microswitches and/or other suitable measuring 
devices or detectors. 



In still another aspect of the invention is the control system characterised in that 
there is provided a thermoswitch connected between the motor armature and the safety 
function unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 illustrates a standard circuit connection or a control system for an electric 

motor; 

Fig. 2 illustrates a first embodiment of the control system according to the 
invention; and 

Fig. 3 illustrates a second embodiment of the control system according to the 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 indicates, inter alia, an electric motor comprising a rotor or armature 9 
and field coils or field magnets M. The motor is a direct-current motor whose rotor 9 
and field magnet or magnets M are connected via an operating relay 10, a control means 
13, which in the illustrated case consists of a joystick with spring return, wires, a safety 
fuse 14 and a switch 12, to a power source 1 1, in the illustrated case a battery. The 
operating relay 10 is of a type that comprises a first relay winding A 1 and a second 
relay winding Bl, each comprising two respective relay contacts A and B respectively. 
In the drawing, the circuit connection is shown when non-energised or in so-called open 
position. The centre position or neutral position of the joystick 13 and one of the poles 
of the armature 9 are connected to the negative terminal of the battery 1 1 . After the 
battery switch 12 has been switched on, the circuit is ready for operation. When the 
joystick 13 is moved across to the left of the figure, contact is made between a wire 4 
and a wire 1 in the first relay winding Al so that a circuit is formed through the winding 
to the wire 3 and via the safety fuse 14 and the switch 12 to the positive terminal of the 
battery 1 1, and the relay winding is energised so that one of the relay contacts A is 
opened or broken and the other is closed or made. For the sake of simplicity, the 
direction of current is defined as a positive to negative direction. Thus, the current 
flows through the field coils or field magnets M, then through the closed relay contact B 
and the armature 9 and back to the negative terminal of the battery 11. If the joystick 13 
is shifted to the right in the figure, the current is connected through the relay winding 
Bl so that the relay contacts are opened and closed respectively via the closed contact to 
the opposite side of the field coils or field magnets M, according to the sequence 



described above, through the now closed relay contact A and to the armature 9. Since 
the field magnets are now excited in the opposite direction, the motor will rotate in the 
opposite direction. 

It is this standard connection that is particularly vulnerable, as the relay 10 can 
become locked in the on or energised position as described above, with the problems 
that this might entail. 

Fig. 2 shows a circuit connection or control system which for the most part is 
similar to the connection in Fig. 1, but which has been modified so that a far more 
reliable operation is provided according to the invention. In one embodiment of the 
invention there is incorporated a safety function unit 15 which is provided with 
terminals for connection to the control means 13, the relay windings Al and Bl, 
optionally a thermoswitch 16 connected to the motor armature 9 or simply arranged 
internally in the motor and provides controlling current or displacement voltage to the 
control system, and two terminals SI and S2 which via indicated broken lines are 
connected to the open, non-energised relay contacts A and B respectively or another 
suitable point in the motor which has a varying voltage or current depending on 
operation or non-operation of the motor. 

The control means 13 may comprise one or more of a number of operating 
devices such as a joystick, a touch panel, buttons and/or switches, to provide 
corresponding current control to the motor and the operating relay 10 as described 
above. 

A signal or signals, sensed by a suitable method if operating relay 10 contacts A 
and B are in the on position (energised), is or are applied via the terminals SI and S2 on 
the unit 15. This applied signal is compared with the voltage at the respective relay 
windings Al and Bl, i.e., the control signal at the magnet coils of the relay. On 
position is only accepted by the unit 15 or the control system when the respective relay 
contact A or B and magnet winding Al or Bl also have voltage applied thereto. 

What is meant by a suitable method for determining whether the operating relay 
contacts are in the on position (energised) is, for example, that voltages are measured 
and compared, the drawing of current is measured, the Hall effect is measured, the 
rotational speed of the motor is measured, frequencies in cables are measured or the 
actual mechanical position of the relay contacts is determined using a switch or another 
sensor etc. All these options and possibly other options for determining whether the 
operating relay contacts are energised are within the scope of the invention and 
represent technically obvious options or alternatives. 

If a move is made to cut off the applied voltage, this means that the user or 
skipper no longer wishes to operate the motor or thruster. In the unit 15 an examination 



or check is then made to see whether the respective relay contact A or B is also in the 
open position. If this is not the case, the unit 1 5 ensures that an operating signal is 
applied immediately to the opposite side of the relay or magnet winding Al or Bl or to 
both sides simultaneously, and this action of the safety function unit 15 causes the 
electric circuit to be broken and the motor 9 to be stopped, However, it is clear that the 
monitoring or checking in the unit 15, as mentioned above, should possibly also be 
carried out continuously during operation, or should only be carried out in a limited 
period of time after the intended cutting-out of the motor. Both possibilities are within 
the scope of the invention and represent technically obvious options or alternatives. 

Fig. 3 shows another variant of the control system according to the invention 
which comprises safety functions for monitoring the voltage to the motor 9. For the 
sake of clarity, the system in Fig. 3 is shown and described as a separate system, 
although it could have been incorporated into the system in Fig. 2. 

Unlike Fig. 2, Fig. 3 shows the safety function unit 15 equipped with a terminal 
SV which via a wire indicated in a broken line is connected to the wire 3 between the 
relay windings. 

The problem on which this variant of the invention is based is that at low supply 
voltage, the relays A and B could fail with a subsequent risk of burning and 
uncontrollable operation of the electric motor and thruster. The reason for the burning 
of the contacts at low voltage is that even at low output voltage (battery voltage), the 
thruster motor will draw substantial amounts of current. This current will lead to a 
voltage drop in cables or wires and the battery when the motor is running. If the output 
voltage is too low, this will cause the relays to fail. When the relays fail, the voltage to 
the motor will be cut off and the voltage rises again to its starting-up point. This is 
repeated at a frequency which, because of the arc formation, quickly results in over- 
heating and melting of the contacts on the operating relay of the motor. The relay 
contacts A or B might then become locked in the on position. 

One solution to this problem may be to ensure that the relay cannot cut in and 
out as mentioned above at a fairly high frequency. According to the invention, this is 
ensured in that the control system monitors the voltage applied to the relay coils Al and 
Bl and if the voltage is too low, the power supply to the relay windings of the operating 
relay is cut, whereupon a delay device is activated before the next feed or application of 
voltage to the same or to the opposite side of the relay windings Al and Bl once the 
voltage is above the threshold value again. The operator or the skipper or user will then 
register that the voltage is too low in that the thruster performs with a distinct low- 
frequency pulsating output. The contacts of the operating relay are thus not damaged 



because of the low frequency and the thus limited heating of the contact faces, and 
necessary measures can be taken before greater damage is done. 

The application of voltage to the operating relay coils will not be fed to a relay 
winding if the voltage is measured to be below the threshold value. 

Although specific embodiments and aspects of the invention are described 
above, it is clear that the application could be realised in a number of ways without 
departing from the fundamental principles thereof. These and equivalents of these are 
intended to be within the scope of the invention. 

The function that the control system in fact provides is to reduce the possibility 

of damage to the relay contact faces caused by low voltage during operation, and that in 

the event that the relay is nevertheless in the energised, operational position without the 

user or skipper having given a signal for this, that the system, on the application of 

current to one or both of the relay windings Al and Bl, ensures that the relay contacts 

A and B are put in the same position, i.e., the on position at the same time in order to 
* - 

stop the motor because the circuit is broken when both relay contacts are in the same 
position. 



